ABSTRACT. Early studies found evidence of a positive correlation between Hofstede's power distance scores, which measure the extent to which those without power defer to those with it, and plane accidents in different countries. However, these studies did not control for the level of economic activity (Gross Domestic Product-GDP) and severe weather conditions in these countries. This paper uses regression analysis to estimate the effects of number of flights, GDP, severe weather conditions, and culture on plane crashes in sixty eight countries. It is found that per-capita GDP and country scores on the cultural dimension of individualism are inversely related to plane accidents while power distance scores and number of flights are directly related to plane accidents. Continued training for pilots and copilots in direct cockpit communication can help overcome cultural barriers and reduce plane accidents.
Introduction
The kinds of errors that cause plane crashes are invariably errors of teamwork and communication. One pilot knows something important and somehow doesn't tell the other pilot. One pilot does something wrong, and the other pilot doesn't catch the error. A tricky situation needs to be resolved through a complex series of steps -and somehow the pilots fail to coordinate and miss one of them. "The whole flight deck design is intended to be operated by two people, and that operation works best when you have one person checking the other, or both people willing to participate", says Earl Weener, who was for twenty years chief engineer for safety at Boeing. Airplanes are very unforgiving if you don't do things right. And for a long time it's been clear that if you have two people operating the airplane cooperatively, you will have a safer operation than if you have a single pilot flying the plane and another person who is simply there to take over if the pilot is incapacitated. (Gladwell, 2008 , pp. 184-5) Gladwell (2008 cited several cases where plane crashes were a result of poor communication between the pilot and copilot or between the pilots and air traffic control. Copilots may often use what Gladwell referred to as "mitigated speech", a term borrowed from linguists. Mitigated speech is a form of communication that is watered down to take the edge taken off so as to avoid conflict with another individual. Rather than commanding another person to take an action, a polite request is made in its place which may be interpreted as a request that Enomoto, C. E., Geisler, K. R.. (2017) . Culture and Plane Crashes: A CrossCountry Test of The Gladwell Hypothesis. Economics and Sociology, 10(3) , 281-293. doi:10.14254/2071-789X.2017/10-3/20 Carl E. Enomoto, Karl R. Geisler does not require immediate attention. This could lead to serious consequences in the case of a copilot communicating with the pilot or air traffic control.
Why is it that some pilots and copilots have had difficulty in communicating between themselves and air traffic control? Gladwell suggested that it has something to do with culture. Geert Hofstede, a Dutch psychologist, sociologist, and anthropologist, and his colleagues came up with several dimensions of culture which have been used by researchers worldwide (Wu, 2006) . These dimensions include power distance, uncertainty avoidance, individualism, and masculinity. If a country ranks high in power distance, the order of inequality and hierarchy is well defined and one's place in society is known and accepted. In such a society individuals are deferential to their leaders and have a high regard for them. If a country ranks high in individualism, there is a greater emphasis in that society on individual achievement and rewards and less of an emphasis on team decisions and achievements. If a nation ranks high in uncertainty avoidance, society prefers formal rules and structure while change is not readily accepted. If a nation ranks high in masculinity, that society is generally more competitive and assertive in nature. Gladwell noted that in many cases involving plane accidents, the flight crew was from a high power distance country. In such cases, he found that the copilot spoke using culturally-accepted mitigated speech in order to show deference and respect to authority. Herein lays the problem. When faced with a crisis in the cockpit, what is needed is strong and direct communication between the pilot, copilot, and air traffic control. The mitigated language and deference to one's elders typically found in high power distance societies do not sufficiently convey enough correct information about the urgency of the problem at hand.
Previous studies have established that there is a strong correlation between culture and plane crashes, though they do not control for other important factors such aviation infrastructure or severe weather. Using regression analysis, this paper confirms the previous work that culture affects the number of airline accidents while also highlighting other important factors. In the next section, a review of the literature will be presented, followed by a model of information given by the copilot to correct a mistake or oversight of the pilot. The empirical findings will then be discussed, followed by the conclusions and a summary. Gorodnichenko and Roland (2011) gave a brief history of the development and use of the Hofstede dimensions of culture. They stated that Hofstede started with a survey of IBM employees in 30 countries to analyze cultural differences. With additional sampling and surveys, almost 80 countries are now ranked by Hofstede and his colleagues according to the dimensions of power distance, individualism, uncertainty avoidance, and masculinity. The country rankings were accomplished using factor analysis on survey questions. Gorodnichenko and Roland (2011) explained that individualism is typified by high values on "individual freedom, opportunity, achievement, advancement, and recognition" while discounting "harmony, cooperation, and relations with superiors" (p. 492). They find individualism strongly and negatively correlated with power distance, which measures the extent to which "power is distributed unequally" between junior and senior members of society (p. 493).
Literature review
These dimensions of culture defined by Hofstede have been previously shown to be correlated with airline accidents. A 1993 Boeing study initially linked culture with aviation accident rates. 1 It found that high power distance countries had high rates of airline accidents, while countries with high individualism had lower accident rates. Soeters and Boer (2000) obtained comparable findings when looking at military flights. Analyzing losses from military aviation accidents per 10,000 flying hours from air forces of 14 NATO countries, they found: 1) a negative correlation between individualism and accidents; 2) a positive correlation between power distance and accidents, and; 3) a positive correlation between uncertainty avoidance and accidents. When the authors controlled for the percent of mechanical failures, similar results were obtained.
Using online data on the number of plane crashes involving a fatality, Jing, Lu, and Peng (2001) also found culture to be linked to aviation accidents. 2 They used several survey questions to represent cultural variables, with the percentage who responded in specific ways from different countries then used in regressions where the dependent variable was plane accident rates. This process led the authors to conclude that "authoritarianism", which represents the degree of submission to authority, was the most important cultural variable explaining plane accident rates.
While the effect of culture on aircraft accidents has been looked at, it has not yet been statistically explored in context with other significant contributing factors. Shappell and Wiegmann (1997) pointed out that human error alone rarely causes aviation accidents. Typically these accidents "involve a complex interaction of several factors" (Shappell and Wiegmann, 1997, p. 271) . Similarly, Hutchins, Holder, and Perez (2002) argued that aviation accidents are not caused by culture alone but rather by the broadly-defined aviation infrastructure. This aviation infrastructure includes the "…regulatory structure, facilities (airports, navigation and approach systems, etc.), weather forecasting, charts, mail services (to deliver charts), education, maintenance, and more" (Hutchins, Holder, and Perez, 2002, p. 50) . The combination of physical and social infrastructure that forms aviation infrastructure can be considered a sociotechnical system. Strauch (2010) defined sociotechnical systems as systems involving the interaction between people (socio) and machines or technology (technical). Such systems included the generation of electricity and the transport of people. While research has shown that culture does make a difference when it comes to perception, neural processing, and cognition, not much work has been done on sociotechnical systems according to the author. The cultural research that has been done has most often cited Hofstede's work. Some of these studies have shown that culture can and does affect team performance, especially when the team members are under pressure and in a stressful situation.
Another third significant factor to consider in airline crashes is weather. Luers and Haines (1983) noted that in spite of improvements to aviation infrastructure related to forecasting and communicating severe weather, "weather remains a cause or related factor in a high percentage of aircraft accidents" (p. 187). It is the complex interaction between the aviation environment, weather, and culture that sets up what the 1993 Boeing study refers to as the 'accident chain'. Should any link be broken, an accident can be avoided. At the critical point when the weather and the aviation environment are aligned to enable an accident, the reactions of pilots -including communication -become the difference between life and death.
In the next section, a model of how culture affects the amount and quality of information given by the copilot to the pilot is outlined. The results of the model will show how the skill and training of the flight crew, maintenance and safety features of the aircraft, aviation infrastructure, weather, and culture all interact to affect plane accidents across countries. 
Methodological approach
To model the effects of culture on plane accidents, it is assumed that the flight crew consists of a junior copilot (the first officer) and a senior pilot (the captain). The junior copilot benefits from correcting an improper action initiated by the senior pilot since a plane crash may be avoided and lives saved. However, there is also a psychic cost to the junior co-pilot who may perceive that he or she is questioning the actions of a superior.
In countries with a high power distance ranking where inequality is well defined and the less experienced defer to older more-experienced leaders, the psychic cost of more direct communication is high to the junior copilot. In low power distance countries, the psychic cost of direct communication is much lower. Assuming the benefit to the junior pilot from direct communication with the pilot is the same for all cultures, the junior pilot who performs a benefit-cost analysis would find it in is his/her interest to communicate more directly with the pilot when both are from a low power distance country.
Combining this framework of psychic cost with the findings of past studies and other theoretically important factors in crashes, the number of plane accidents in a country can now be specified as follows: ( , , , , , ) ,
where "accidents" represents the number of plane accidents in a country, F represents the number of flights in a country, S represents the skills, training, and experience of the flight crew, M represents maintenance of the aircraft and any other safety features of the plane, R represents up-to-date runways and air traffic control systems, W represents weather conditions, x represents the amount and quality of information communicated by the copilot to the pilot to coordinate actions of the flight crew and is related to culture, and ε, is the stochastic disturbance term reflecting the effects of hijackings, birds, or other random factors that may affect flights. In this equation it is expected that the number of plane accidents experienced by a country are inversely related to the skills of the flight crew, the maintenance of the aircraft and its inherent safety features, modern aviation systems, and the ability of the copilot to successfully communicate, coordinate, and correct the pilot which is a function of culture. Severe weather conditions and number of flights are expected to be positively related to plane accidents. In the next section, equation (1) will be estimated.
Conducting research and results
The number of plane accidents for 68 countries from 1970 to 2012 was collected from Aviation Safety Network at the website www.aviation-safety.net/database/country. The dataset includes accidents for airliners, cargo planes, corporate jets and military transport aircraft. The plane accidents are categorized as either A1 for damaged beyond repair or A2 for substantial airplane damage. Both types of accidents were recorded in this study as plane accidents. Incidents that were not used in this study included: aircraft explosions caused by grenades, airplanes being fired upon from the ground, aircraft destroyed by a nation's air force that was suspected of drug trafficking, hijacking incidents, aircraft damaged by colliding with another aircraft on the runway, and aircraft damaged by engine fire during maintenance work.
As a proxy for number of flights in each country over the period 1970-2012, the number of departures which were "domestic takeoffs and takeoffs abroad of air carriers registered in the country" was taken from the World Bank Development Indicators which As noted by Hutchins, Holder, and Perez (2002) , aviation accidents are caused in part by a complex interaction of physical and social factors which comprise aviation infrastructure. They stated that poor nations may have higher accident rates because they lack the wherewithal to support a first-rate aviation infrastructure. To date, all previous crosscountry studies involving plane accidents have lacked data involving the investments that countries make in physical airport infrastructure, maintenance expenditures, and education. These factors are all critical components of aviation infrastructure. One reason that previous studies may have excluded the inclusion of aviation infrastructure is data availability; although data for these factors exist for some counties, it does not exist for all.
The OECD publishes data on airport investment and maintenance for selected countries (OECD, 2013) . Data on investment in physical airport infrastructure was available for 24 of the 68 countries used in the dataset for this study, while data on maintenance expenditures for airports was available for 15 of the 68 countries. While these numbers are too small to allow for reliable regression estimation, their correlation with Gross Domestic Product adjusted for purchasing power parity (GDP) demonstrated in Table 1 means that we can use GDP as a proxy for these physical aspects of aviation infrastructure.
Data was collected for per-capita GDP in constant 2011 dollars adjusted for purchasing power parity for the countries of interest. This data was obtained from the World Bank Development Indicators. The average of the per-capita GDP figures from 1990-2012 was used for each country (with some exceptions outlined in the footnotes to the data table provided in Appendix 1).
Similarly, GDP can also proxy for education. Data on school life expectancy from the CIA World Fact Book was available for 65 of the 68 countries. The correlation coefficients between per-capita Gross Domestic Product adjusted for purchasing power parity (GDP), education as measured by school life expectancy (Education), investment spending on airport infrastructure (Investment), and maintenance spending on airport infrastructure (Maintenance) are given in Table 1 . Table 1 shows positive correlations between per-capita GDP and education, GDP and investment spending on physical airport infrastructure, and GDP and maintenance spending on physical airport infrastructure, although the correlation between GDP and maintenance spending is low. Thus country differences in per-capita GDP may not only reflect differences in standards of living, but also differences in education of the flight crew, differences in investment in physical airport infrastructure, and differences in maintenance of that infrastructure. This makes GDP a good variable to capture the main components of the overall aviation infrastructure.
Previous studies of aviation accidents have also neglected to include the importance of weather in regression analysis. Omitting the importance of weather ignores the fact that severe weather conditions is a common factor in plane accidents. To account for these impacts the regressions below include the variable Weather, which is the sum of precipitation in freezing months for each nation. This quantity, measured in inches, was compiled using data from the website weatherbase.com.
The Hofstede scores for the dimensions of power distance, individualism, uncertainty avoidance, and masculinity were used as the culture variables and were obtained from www.harzing.com/download/hgindices.xls. It should be noted that these dimensions of culture are not independent of one another. A nation ranking low in power distance may rank high in individualism since in highly individualistic societies, individuals seek recognition and achievement. As a result they may be less willing to defer to authority figures. Similarly, a nation ranking high in masculinity where assertiveness and competitiveness are stressed may rank low in uncertainty avoidance where change is not desired. Because dimensions of culture are interrelated, they will be entered into the model separately. The data used for this study (68 country observations) appear in Appendix 1.
Application of multiple linear regression analysis
The model of plane accidents in equation (1) Table 2 .
In Table 2 , four versions of equation (1) were estimated. In the first model, the cultural dimension of power distance was included. In Models 2 through 4, the cultural dimensions of individualism, uncertainty avoidance, and masculinity were included, respectively. The variance inflation factors (VIFs) for all models were low (less than 2.5) indicating that multicollinearity among the regressors was not a problem. Furthermore, all four models were estimated using White's robust standard errors.
In all models, the number of flights in a country is significant; the more flights, the more plane accidents. The results indicate that for every million flights, the number of plane accidents increases on average by five. It was also found that per-capita GDP was negatively related to plane accidents in all models as expected. Richer nations have more resources to allocate to aviation infrastructure including better runways, air traffic control support, education of pilots and airport staff, maintenance of aircraft, and a host of other factors that make air travel safer. The sum of precipitation in freezing months was positively related to plane accidents in all models although the effect was not statistically significant. The training that pilots receive and advanced technology in use may have made bad weather flying more of an inconvenience to commercial pilots rather than a disaster waiting to happen. Pilots simply fly around severe weather when possible. It may also be that bad weather by itself may not be a major problem, as Gladwell (2008) suggested, unless it is in combination with a tired pilot, mechanical problems, and miscommunication in the cockpit and with air traffic control.
In Model 1, power distance was found to be significant and positively related to number of plane accidents, even after controlling for flights, per-capita GDP, and weather conditions. This result confirms what other studies have found when looking at simple correlations between power distance scores and plane accidents: the more deferential less experienced juniors are to more experienced seniors, the more mitigated the speech will be from the less experienced pilot and the greater the likelihood of miscommunication in the cockpit. The result of higher power distance is more plane accidents.
In Model 2, individualism was the cultural variable used as an independent variable. It was significant at the 5% level and negatively related to plane accidents. This is no surprise since Gorodnichenko and Roland (2011) found that power distance was "…strongly negatively correlated with individualism" (p. 494). In nations that rank high in individualism such as the United States, individuals speak up and say what is on their mind, giving the U.S. its low score in power distance. Having junior pilots who are not afraid to point out the Table 2 .
In Table 3 , Models 1 through 4 from Table 2 were re-estimated using standardized variables denoted with the # symbol. With standardized variables in a regression there is no constant term. The results were very similar to those presented in Table 2 with power distance being positively related to plane accidents and individualism being negatively related to plane accidents. The benefit of using standardized variables is that the beta coefficients can be directly compared. For example, in Model 5 of Table 3 standardized plane accidents increase by 0.98 standard deviations when standardized flights increase by 1 standard deviation. They decrease by 0.07 standard deviations when standardized GDP increases by 1 standard deviation and finally, they increase by 0.06 standard deviations when standardized power distance (PD#) increases by 1 standard deviation. These results show that the contributions of standardized power distance and GDP are roughly the same in explaining standardized plane accidents, while increases in standardized flights are responsible for the majority of increases in standardized plane accidents. 
Conclusion
The early studies involving culture and plane crashes looked at correlations between Hofstede's power distance scores and number of plane crashes across countries. Critics were quick to point out the misleading nature of these studies. If the skills of the flight crew, the expenditures put into air traffic control support, maintenance of the aircraft, up-to-date flight systems and runways, government regulations and oversight and weather are not controlled for, the correlations between Hofstede scores of cultural dimensions and plane accidents have little meaning. To overcome this criticism, this study has made the following contributions to the literature. (1) The effects of investment in aviation infrastructure including physical airport infrastructure and the education of airport personnel have been accounted for by the use of per-capita GDP adjusted for purchasing power parity. (2) The effects of severe weather on plane accidents have been controlled for by using the sum of precipitation in freezing months. (3) The complete dataset used for this study has been included in the paper to enable researchers to replicate the results and extend them.
This study found that many of the early studies were correct in their conclusions even if important variables were not included. In particular, high power distance nations have more plane accidents, ceteris paribus, while nations ranking high in individualism tend to have fewer plane accidents. Culture remains important even when aviation infrastructure and weather are accounted for in regression models.
Aviation infrastructure represented by per-capita GDP is also important in determining plane accidents. In all regression models, nations with higher levels of per-capita GDP tended to have fewer plane accidents. In Table 2 , the U.S. has by far, the largest number of plane accidents of any country. It also has the most flights giving it a low plane accident rate (4.47 accidents per million flights from 1970 to 2012). The U.S. is also a leader in aviation infrastructure (high per capita GDP) and it ranks the highest in individualism and very low in power distance. By way of contrast, Nigeria has a relatively high plane accident rate (75.6 accidents per million flights from 1970 to 2012). It has a relatively low level of percapita GDP, a high power distance score and one of the lowest scores in individualism. Malaysia Airlines flight 370 has been missing since 2014 and the reasons for its disappearance are still unknown. However, Malaysia is ranked as the highest power distance country.
Other than improving a nation's aviation infrastructure, this study reinforces what major airlines have been doing; training pilots and copilots in communication to overcome cultural barriers -"Crew Resource Management" (Gladwell, 2008, p. 197) . Gladwell cites examples of where pilots remind their copilots that the pilots need help in flying a sophisticated aircraft when malfunctions occur. It is only when the entire crew are working together as equals, will the chance of success be greatest.
Limitations of study and future research
In this study, simple OLS models were estimated to determine the effects of number of flights, GDP, weather and culture, on plane accidents for 68 countries. The reason OLS was chosen as a technique was to keep the results of this study comparable to what others have done. The OLS methodology has been used consistently throughout the plane accident literature. However, this is not to say that this is the best method available. In future studies, more sophisticated estimation techniques may be employed. For example, Bayesian regression models which make use of prior distributions for the parameters may yield valuable insights.
Another limitation of this study and all studies investigating plane accidents is lack of detailed airport infrastructure data for the majority of countries. If this data becomes available it would not have to be represented by a proxy variable such as GDP.
Finally, culture has been proven time and time again to have a major influence on behavior. Nations in Latin America, Africa, and the Far East are known to have collectivist societies where individualism and individual achievement are not emphasized. However, it is certainly true that individuals within these societies vary significantly in their attitudes and behavior. Perhaps in the future cultural studies will collect more data to capture these nuances in individual behavior and action.
